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METHODS OF DEVELOPMENT AND PILLAR EXTRACTION IN MINING THE 
PITTSBURGH COAL BED IN PENNSYLVANIA, WEST VIRGINIA, AND OHIO! 


By J. W. Paul? and L. N. Plein? 
INTRODUCTION 


The United States Bureau of Mines has made a study of roof control in 68 mines operating 
in the Pittsburgh coal bed in Pennsylvania, West Virginia, and Ohio. In making these studies, 
much information was also obtained on various exact methods of development and pillar ex- 
traction as practiced by this large group of mines. It is proposed in this paper to describe 
these methods, by which this group of mines in 1931, a year of reduced industrial activity, 
produced 28,123,000 tons of bituminous coal — 7.4 percent of the national production for the 
same year and an amount equal to the combined production of the coal mined in the States of 
Alabama, Colorado, New Mexico, Utah, and Wyoming. The results of these studies, insofar as 
they pertain to the prevention of injuries from falls of roof, have been published by the 
Bureau of Mines. In this paper only a few mines typical of each system will be described; 
however, Should the reader be interested in other details with respect to these mines, he 
may refer to the following publications: 


T.P. 522, 1932, 43 pp. Falls of roof and coal in mines operating in the Pittsburgh coal bed 
in Marion and Monongalia Counties, W. Va., by J. W. Paul and J. N. Geyer.— A study of 
nine mines in these two counties of northern West Virginia. 

T.P. 534, 1932, 34 pp. Falls of roof and coal in mines operating in the Pittsburgh coal bed, 
Panhandle district, W. Va., by J. W. Paul and J. N. Geyer.— A study of six mines in 
Brooke, Ohio and Marshall Counties. 

T.P. 541, 1932, 97 pp. A study of mine roof of the Pittsburgh coal bed in the Pittsburgh 
mining district, by J. W. Paul and L. N. Plein.— A study of fifteen mines in Allegheny 
and Washington Counties, Pennsylvania. 

T.P. 547, 1933, 23 pp. Falls of roof in mines operating in the Pittsburgh coal bed, West 
Virginia, by J. W. Paul and J. N. Geyer.-— A résumé of twenty mines studied in the Fair- 
mont and Panhandle Districts. 

T.P. 550,. 1935,-31 pp. A study of roof in Pennsylvania mines contiguous to the Monongahela 
River, by J. W. Paul and J. G. Calverley.— A study of seven mines principally in Greene 
and Washington Counties, Pennsylvania. 

T.P. 563, 1935, 34 pp. A study of mine roof in the Coking District of Western Pennsylvania, 
by J. W. Paul and L. N. Plein.—- A study of twelve mines principally in Fayette County. 

R.I. 3070, 1931, 32 pp. A study of falls of roof and coal in mines in the Number 8 Field 
of Eastern Ohio, by J. W. Paul and L. N. Plein.- A study of seven mines in Belmont, 
Harrison and Jefferson Counties. 


a 
1 The Bureau of Mines will welcome reprinting of this paper, provided the following footnote acknowledgment is used: 
"Reprinted from U.S. Bureau of Mines Information Circular 6872." 
Former senior mining engineer, U.S. Bureau of Mines, Pittsburgh Experiment Station, Pittsburgh, Pa. 


Associate engineer economist, U.S. Bureau of Mines. 
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R.I. 3110, 1631, 30 pp. A study of falls of roof and coal in mines of Harrison County, 
W. Va., by J. W. Paul and J. N. Geyer.=— A study of five mines in this county. 

R.I. 3113, 1931, 77 pp. Roof support in coal mines in the Irwin, Greensburg and Latrobe 
Basins, Westmoreland County, Pa., by J. W. Paul, H. Tomlinson, and S. J. Craighead.— A 
study of twelve mines. 

I.C. 6200, 1929, 21 pp. Method and cost of mining the Pittsburgh or No. 8 Coal Bed in a 
100 percent mechanized mine in Eastern Ohio, by W. F. Hazen and E. J. Christy.— A stucy 
of methods and costs of a mine using mechanical loading. 

I.C. 6208, 1929, 21 pp. Method and cost of mining the Pittsburgh or No. 8 Coal Bed in four 
Eastern Ohio mines, by J. W. Paul and H. Tomlinson.= A study of four mines in Belmont 
and Harrison Counties. ‘. 
The Pittsburgh coal was one of the first beds of bituminous coal to be extensively 

mined in this country, and therefore the literature on its geology, structure, composition, 
and method of extraction is rather lengthy; it is described in publications of Government 
bureaus, transactions of technical societies, and in the technical press. This paper is not 
intended to be a résumé of all that has been published, nor a history of the changes in 
methods of mining. 

Most of the mines used as the tasis of discussion in this report were carefully studied 
during the calendar years 1928 to 1932, inclusive. The manuscript was completed early in 
1935 but lack of printing funds has delayed its publication. Some of the mines described 
have Since modified their methods but it is believed that the paper still gives a good pic-— 
ture of mining practice in the Pittsburgh coal bed. 


THE PITTSBURGH COAL BED 


Because of its quality, persistence, thickness, areal extent, and uses as a steam, cok- 
ing, and gas-making coal, the Pittsburgh bed may well be classed as one of the world's 
greatest coal deposits. Because of its proximity to industrial markets and ktecause it is 
served by excellent systems of rail and river transportation, it probably is being exhausted 
more rapidly than any other bed of coal. 

The bed occurs and is mined in four States: Pennsylvania, West Virginia, Ohio, and 
Maryland. Its general extent is shown in figure 1, which, however, does not include the 
Georges Creek field of Maryland. In 1931 the production from the Pittsburgh bed of coal was 
80,000,000 tons of coal or 20.8 percent of the national production of bituminous coal for 
that year. In the same year the combined production of Illinois and Kentucky, our third and 
fourth largest coal-producing States, was 85,000,000 tons. The areal extent of the Pitts- 
burgh coal bed has been estimated at 5,729 square miles with minable reserves of approximate- 
ly 22 billion tons. 4 

Much has been published on the geology of the Pittsburgh coal bed, the rocks with which 
it is associated, the topography of the region, its chemical composition, and other features, 
and for detailed information with respect to these matters the reader is referred to publica- 
tions of the United States Geological Survey, United States Bureau of Mines, the geological 
surveys Of Pennsylvania, West Virginia, Ohio, and Maryland, Transactions of the American 
Institute of Mining and Metallurgical Engineers, other technical and scientific institutes, 
and the technical press. 


SS RA TA DS A TI EE NS a I 
4 White, I. C., Ashley, G. H., and Bownocker, J, A., The Pittsburgh Coal Bed: Trans. Am. Inst. Min. and Met. Eng.. 


vol. 74, 1926, pp. 481-503; discussion, 503-506. 
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Figure |.- Map of Pittsburgh coal field in Pennsylvania, West Virginia, d Ohio. 
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Briefly, the Pittsburgh coal bed lies in a very broad structural basin or trough whose 
major axis has a northeast and southwest trend through the city of Pittsburgh. West of this 
line the coal bed has a general dip to the southeast, and east of this line the bed has a 
general dip to the northwest but is thrown into a succession of minor folds which in general 
are parallel to the major axis of the basin. Structure determines the coal—bed dip, which 
of course, has an important bearing on such mining problems as haulage and drainage. The dip 
at the mines studied varied from 0 to 6 percent in a few mines, the average being 1.3 percent: 
Therefore, as Compared to coal beds in the anthracite region of Pennsylvania or in the Rocky 
Mountain States, the Pittsburgh coal bed may be considered practically flat. In the discus— 
sion of the various types of mining, unless otherwise stated, it should be understood that 
the coal bed is practically flat and that the dip has no effect upon methods of development, 
haulage, or drainage, although in some cases minor changes in details may result according to 
the prevailing dip of the coal bed. In a few cases where the dip reaches a maximum of 6 
percent, the method of development is altered. These changes will be discussed at the 
appropriate point in this paper. | 

Topographically the area varies from gently rolling country, as in eastern Ohio and many 
parts of Pennsylvania and West Virginia, to rather hilly country with V-shaped valleys, 
particularly along the Ohio, Monongahela, and Youghiogheny Rivers and their major tributar-— 
ies. In the present mining districts the presence or absence of the coal bed is determined 
by the amount of erosion which has taken place in recent geologic time. 

The Pittsburgh coal bed has certain physical characteristics which might be termed its 
key “fossils." These are the two characteristic binders (sometimes only one and sometimes 
three), which usually occur in the lower half of the bed, and its immediate roof, which 
normally is composed of a draw slate and a roof coal. In thickness the bed varies from 5l 
to 114 inches. In the Panhandle districts of Pennsylvania and West Virginia and in eastern 
Ohio the coal is about 60 inches thick. Going eastward into Allegheny and Washington Count— 
ies it is about 66 inches thick. In Westmoreland County it is 84 inches thick, in Fayette 
County 96 inches thick, and in northern West Virginia 108 to 120 inches thick. The well- 
defined face and butt cleats of the bed are an important factor in the method of development, 
which in most of the mines studied is planned so that rooms are advancing on the face cleats. 
The amount of cover varies from outcrop to a maximum of 900 feet with an average cover of 
200 feet for the mines studied. 

No attempt is made in this paper to give a detailed discussion of the stratigraphy of 
the rocks overlying the Pittsburgh bed of coal, as that subject is fully covered in publica- 
tions of the United States Geological Survey and reports of the geological surveys of the 
various States. The amount of cover at the various mines indicates that in ascending order 
the strata of. the Monongahela and Dunkard formations compose the overlying beds of rocks. 
The Monongahela formation extends from the base of the Pittsburgh coal bed to the top of the 
Waynesburg coal bed. The formation varies from 300 to 400 feet in Pennsylvania and northern 
West Virginia to 200 feet on its western outcrop in Ohio. In ascending order it contains the 
following coal beds: Pittsburgh, Redstone, Sewickley, Uniontown, and Waynesburg. The Pitts— 
burgh bed is minable wherever it exists, but the other beds are variable and are only mined 
locally. The most important lithologic member of this formation is the Benwood limestone, 
which occurs in the middle of the formation and varies from 70 to 120 feet in thickness. 
Shales, sandy shales, and sandstones compose the remainder of the formation. The only other 
important detail of stratigraphy is the gradual change in the character of the rocks forming 
the immediate roof over the Pittsburgh coal bed. As the formation is followed westward, there 
is a change. from sandstones and sandy shales, to shales and calcareous shales, to calcareous 
shales and limestone. 
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Where the cover exceeds 300 to 400 feet the Dunkard formation forms part of the overly- 
ing strata in addition to the Monongahela formation. The Dunkard formation is variable in 
thickness and is composed of sancstones, shales, and limestones. It is divided into an upper 
and lower member termed the "Greene" and "Washington" groups, respectively. 

In discussing each group of mines, further details will be given as to cover, thickness 
of coal bed, and character of immediate roof. 


NETHCDS OF DEVELOPMENT 


The method of development of any coal bed is determined, to some extent, by dip, cover, 
direction of cleats, if present, location of transportation facilities with respect to area 
to be mined, and character of immediate roof; however, the method of pillar extraction to be 
used is one of the most important factors in making decisions upon the finer points of de- 
velopment. The following is a classification of the methods used by the 68 mines studied. 
This classification is based primarily on the method of pillar extraction, and, secondarily, 
for simplification in presentation, on a geographic kasis. All of the mines studied can be 
Classified in one of the following groups: 


Class _A.— All coal is mined on advance; this means that room pillars are not extracted. 
This is common practice in the No. 8 field of Ohio and the Panhandle district of West Vir- 
ginia. Type A. 

Class _B.— Part of coal is mined on advance and pillars mined on retreat. This is common 
practice in Pennsylvania and the Fairmont district of West Virginia. This classification can 
be subdivided further. 


Ti, Full advance with room pillars mined as butt entry develops. Used by mines 
in the Panhandle district of Pennsylvania. Type B. 

II. Full retreat with short rib lines. Used by a few mines in Washington County, 
Pa. Type C. 


III. Half advance and half retreat. This practice is common in that part of 
Allegheny and Washington Counties south of Pittsburgh, Pa. Type D. 

IV. Full retreat with long fracture lines. This is the predominant practice in 
the Westmoreland=—Ligonier field and the areas adjacent to the Monongahela River in Fayette, 
Greene, and Washington Counties in Pennsylvania, and the Fairmont district of West Virginia. 
Type E. 

1.— Pocket—and-stump method of pillar extraction: 

(a) Rooms developed on centers of 50 feet or less with correspondingly 
narrow pillars. Used by certain mines in the vicinity of Greensburg, Pa., with moderately 
light cover. Group A of type E. 

(b) Rooms developed on centers of more than 50 feet with correspondingly 
thicker room pillars. Used by certain mines in the vicinity of Greensburg, Pa., with mod- 
erately heavy cover. Group B of typos E. 

(c) Rooms developed on block system with rooms on centers of 60 feet or 
more. Used by mines in Greene, Fayette, and Washington Counties. Group C of type E. 

(d) Rooms developed on block system in Fairmont district of West Vir- 
ginia. Group D of type E. 

2.—- Open-end system of pillar extraction: 

(e) Rooms ceveloped on block system, but pillars are extracted by an 
open-end method. This is a fairly recent development in the coke district of Pennsylvania. 
Group E of type E. 
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This classification shows five types of mining methods based on character of pillar ex- 
traction, and type E has been subdivided into five groups. Rather than describe all the 
variations in these 68 mines, a typical mine for each method will be described and compari- 
sons given with other mines of the same type. The mines described are representative of what 
is considered to be the best practice in each system. Each of the types could be further 
subdivided on the basis of minor differences, but as this would not clarify the discussion 
these differences will be noted in describing each system. The number of mines studied for 
each type should not be taken as an indication of the order of predominance of each type. 
More tonnage is produced by type E han all the other types combined. Type A is predominant 
in eastern Ohio and the Panhandle of West Virginia. Group E of type E is becoming more and 
more predominant in Fayette County and probably will be used ep reneeveny in extracting the 
large deposits of virgin coal in Greene County, Pa. 


Type _A.- Full Advance — Room Pillars Not Mined 


In the full-advance method the coal is mined on the advance by entry headings and rooms; 
room pillars, room stumps, and entry—chain pillars are abandoned but barrier pillars are re- 
covered in part. Such a method does not result in a high percentage of extraction, the ranga 
being 55 to 65 percent, which means that 35 to 45 percent of the coal is lost. This method 
of mining is practiced in Belmont, Harrison, and Jefferson Counties in eastern Ohio and in 
the Panhandle district of West Virginia which includes Brooke, Marshall, and Ohio Counties. 
The seven mines studied in Ohio and the six in West Virginia are representative of the aver- 
age practice for this type of development. At the time these mines were studied four had a 
production of less than 1,000 tons, 3 more than 1,000 tons, 3 more than 2,000 tons, and 3 
more than 3,000 but less than 4,000 tons per day. 

The average thickness of the Pittsburgh coal bed in these 13 mines is 59 inches. The 
average thickness at each individual mine does not vary by more than 6 inches from that 
average except at two mines where the average thickness was 51 to 52 inches; therefore, inso- 
far as thickness of coal is concerned, all 13 mines have about the same condition. Likewise 
the immediate roof at all mines is similar, consisting, in ascending order, of an average 
thickness of 11 inches of draw slate which is taken down as the face of the working place 
advances, 13 inches of roof coal, 7-1/2 feet of calcareous shales and a main roof of lime-— 
stone. While these are the essential components of the roof, considerable variation is found 
in the various mines. The draw slate averages about 12 inches in thickness for this dis— 
trict, but there are variations in individual mines from as little as 3 inches to as much as 
S2 inches of draw slate and these variations may be found on opposite ribs of a heading. The 
roof coal also varies in thickness but not as greatly as in the case of. the draw slate. 
Figure 2,A, gives some typical coal and roof sections for these mines. 

The depth of cover ranges from nothing at outcrop to a maximum of 800 feet. Some of the 
development features are based on the amount of cover and these mines have been grouped on 
that basis. : 7 

Figure 2,B, represents the plan of cevelopment of a mine in Belmont County and is repre- 
sentative of all mines of this type except for certain variations which will be described 
later. Panels are developed by driving main butt entries and face entries. Butt entries are 
driven and, as they advance, rooms are driven 24 feet wide on 33— or 34-foot centers. The 
rooms are driven their full length and then abandoned, no attempt being made to recover the 
pillar coal or to salvage the timber. Track is laid up the center of the room, and after the 
room is completed the rails are pulled and the place is then abandoned. Room stumps and 
butt-entry chain pillars are abandoned when the butt entry is completed. Usually some of the 
cecal in barrier pillars is recovered by driving rooms off face entries in the same manner 
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that they are driven off butt entries. Naturally, such a method of mining results in a lox 
recovery and it also adds to the cost of haulage, drainage, ventilation, and supervision be- 
cause to produce a given tonnage the work is of necessity scattered over a large acreage. 
Less timber should be needed and there should be fewer accidents because pillars are Not 
mined, but this is not necessarily true. 

Figure 2,B, gives the plan of development and table 1 gives the details of development 
and operating results for a representative mine in Ohio and one in West Virginia, and the 
average for seven mines with average cover of less than 200 feet and for 6 mines with averaze 
cover of more than 200 feet. AS table 1 shows, the methods of development vary only sligitly 
in each of the 13 mines. The width of pillars is generally increased in those mines having 
a greater depth of cover. The average length of rooms is about 200 feet. Longer rooms would 
not be practical because only 8-— to 10-foot room pillars are left and a roof squeeze mighk‘t 
Cevelop if the rooms had to be maintained for a length of 300 to 400 feet. As tne rooms 
reach the limit of their length, the pillar is gradually reduced until it may be only 2 or 3 
feet thick. Rarely are rooms driven on sights, with the result that the thickness of rooa 
pillars is liable to be irregular. 

Various methods are used to prevent roof squeezes. Barrier pillars, chain pillars and 

room stumps are used at all mines. In table 1 it should be noted that for light cover th2 
average width of protection on a butt entry, consisting of two room stumps and the butt entry 
with its two headings and one chain pillar, is 75 feet, and for heavy cover is 88 feet; for 
light cover 75 percent of this is coal in pillars, and for heavy cover 80 percent is coal in 
pillars. ; 
In addition to the protection afforded by cnain pillars and room stumps other methods 
of protecting against general squeezes are used. At one mine with an average cover of 500 
feet, two rooms off each butt heading near the center of the panel are not mined until all 
the other rooms on the butt entry panel are completed. This leaves a block of coal 78 feet 
wide by 200 feet long on each side of the butt entry. Another mine with an average cover of 
100 feet drives rocms in groups of five, leaving a solid block of coal 50 feet wide and Z90 
fest long between each block of five rooms. No attempt is made to recover this coal. A 
common method used in Ohio for mines with light cover is to leave room blocks as illustrated 
in figure 3,A. The coal in this room block is seldom recovered. At one mine with an averace 
cover of S00 feet no room blocks were used, but the room headings were driven on 40-foot 
centers with room necks 17 feet long and squeezes were prevented. Although the usual prac— 
tice is to drive rooms off both headings as the headings advance, the practice may be varied 
if the roof is bad; in such places the rooms are completed off one butt heading before thossa 
on the parallel butt heading are started. Anotner variation is to develop the butt entry 
complete and then drive half of the rooms (on the inby end) before starting the other half 
of the rooms (on the outby end). At one mine in West Virginia the face entries are turned 
on 1,200-foot intervals, but the room entries are stopped just short of 600 feet to isolate 
gach butt panel for control of ventilation and for better roof control. On these short 600- 
foot butt entries all rooms are started at approximately the same time. Another beneficial 
practice is to drive rooms 200 to 225 feet long off the inby butt heading and those off tke 
outby butt heading only 125 to 145 feet because these are approaching areas which nave Leen 
rined out, #hich means about 60 percent recovered, and the roof is riding on the coal that 
is left in pillars; therefore, it is best that these rooms be short and mined as quickly as 
possible. The 290 to 225 foot rooms are advancing in solid coal. However, in this case it 
should ba understood that the roof cannot be correctly descrited as being under control, but 
is only temporarily supported by pillars. As shown later with the system of mining known as 
full retreat witn long fracture lines, the rooms and pillar pockets are always advancing 
toward mined—out areas, but the roof is under excellent control. 
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At a mine in Bs ont County, Ohio, with 450 to 630 feet of cover, the rooms are turned 
off only one butt entry, thus the rooms are always advancing toward solid coal. Butt head- 
ings are not driven through to the next face entry and rooms are stopped 20 to 350 feet skort 
of the next butt heading. Eutt entries are ceveloped in groups of four and the rooms on the 
outby entry of this group are not started until the rooms on the three pairs of inby butt 
entries are completed. The whole butt entry panel, 260 by 1,000 feet, thus acts as a safety 
block to prevent squeezes. On each butt entry half of the rooms (on the inby end) are driven 
150 feet before the other half start, then all rooms are driven simultaneously. 

A mine with an average cover of 400 feet in Marshall County, W. Va., was obtaining 
successful results by driving rooms 60 feet wice. Rooms are turned on 36-foot centers, but 
the room pillar of a pair of rooms is mined out after leaving a 40-foot room stump. A track 
is laid up each room neck and as a result two tracks are on each side of the 60-foot roon. 
With rooms 24 feet wide, considerable trouble was experienced with roof falls in rooms, but 
with 60-foot rooms this trouble has been eliminated. 

An attempt is mace to recover some of the coal in the barrier pillars. The cetails of 
work vary but the general method of attack is shown in figure 3,B. It consists simply of 
driving rooms into the barrier pillars. In one section of a mine in Marshall County, W. Va., 
some room—pillar recovery was attempted. Here the rooms are turned off only one butt head- 
ing. The rooms are driven 155 feet long, 20 feet wice, and with a 14-foot pillar which is 
Slabked by two machine cuts after the room is driven. Other attempts have keen made in this 
field to recover room pillars, but no systematic scheme, such as will be cescribed subse- 
quently, has ever been given a fair trial. 

Coal is uncercut by mining machines and in all mines 100 percent of the procuction is 
machine mined. The general practice is to work one miner to a place, or two men to two places 
This lack of concentration of workers results in a low caily production per room and, there- 
fore, extensive development is required for a given daily mine tonnage. : 

Figure 3,C, illustrates an excellent system of room timbering for this type of mining. 
Table 1, together with the illustrations and the foregoing discussion, describe this system 
of mining. Critical comments on this method will be given after the other systems have been 
discussed. 


Type B.— Full Advance with Pillar Extraction 


The next step in a mining method is full advance with pillar extraction. This method 
is similar to Type A in the development of panels, but differs in that an attempt is made to 
recover all or part of room pillars, room stumps, and chain pillars, so that a greater per- 
centage of recovery is attained. Type B represents a. modification of type A which adapts 
it to use in coal lands of greater value from which a higher recovery is cesired. Develop- 
ment methods are similar to those of type A except that thicker room pillars are left as the 
rooms are driven. The rooms are ceveloped as the butt entry is driven, but as soon as the 
room reaches its limit, the extraction of the room pillar is begun. In some instances poor 
management allows rooms to stand for some time before an attempt is made to extract the pill- 
ars, Successive room pillars are mined in step back to the room stump. Rooms are turned 
off both butt headings. Thus on a butt entry the work may consist of driving the headings, 
advancing the rooms, and extracting the room pillars. The percentage of recovery iS probably 
ctetween 70 and 85 percent for this type of mining, but no accurate values were obtained. 

Four mines of this type were studied in the Panhandle cistrict of Pennsylvania, but they 
are representative of many mines using this type of development and pillar extraction. Two 
of the mines produced less than 1,000 tons per cay and two more than 1,000 but less than 
2,000 tons per day. 
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The average thickness of the Pittsburgh coal bed in these four mines is 59 inches and 
varies locally from 56 to 63 inches. The draw slate varies in thickness from 4 to 30 inches, 
but the general average for all the mines is 13 inches; however, the average at individual 
mines varies from 9 to 22 inches. Above the draw slate, which is taken down as the face 
of the working place advances, is the usual roof coal with an average thickness of 9-3/4 
inches; between the roof coal and the main roof are 9 to 15 feet of shales and thin laminated 
beds of coal. The main roof varies from a Sandstone to a sandy shale and is 10 to 30 feet 
thick. Figure 4,A,gives some representative sections of the coal bed and the immediate roof. 

In the area where this system is used the cover is light and it should be noted in Table 
2 that the maximum cover is only 300 feet and the average cover is 95 feet. In three of the 
Mines the development is largely controlled by outcrop lines. | 
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TABLE 2.~ Developmental distances and operating results for fo 
in the Panhandle district of Pen ee Type B mines 


|Representa-| Range for 
tive_mine |__four_mines__ 


: __(Mine_3)_|Max.|Ave. |Min. 


Developmental distances |. 
| 
| 
REnGe Ol CO 1O To. cosiiuctopnncsnnist seationtateevdeme ms Wee Ada Aaasrangtces eeinaeies feet| '250-125-65| 300| 95, 5 
| 
i 


Car ae ea Se Eee eee 


Width of headings. 0... ete tates eee ee sloop do. | 10 to 11 | 11)10.2| 10 
Number of headings on main entries... cc ceccecetees veceeveeteee. sae 4 | a4) 3\ 3 
Number of headings on face entries... ccc ee eee: shes deticsetens. eae tes | 2, 3 and 4| 4| 3| z 
Heading centers on mains, faces and butts............ Settee ....feet| 40 and 50 | §50| 44| 40 
Thickness of chain pillars on mains, faces and butts............ OO: | 50 and 40 | se 34| 50 
Distance between face entries.......... aN eee ghdemates sso | 1500 =|1800!1267|1000 
Center to center distances of butt entries... ....... do. | 495 | ?650| *516| 2450 
Farrier pillars on mains... cccccccceccccceeees ceeccee ceeceee, See do. | 40. | 125| 72) 40 
Parrier pillars on faceS....000.ccccceeccccccecec ote eeenes eet casas do. | 20 and 40 | 125| 51] 20 
WAAC POOH Ss ieths ol echnegn tetinel! ee ee ee er do. | 24 | 24| 23| 21 
Width of room pillars... stone Be cee ree do. | 13. | 13) 11| 9g 
Room centers... ...... eek Ios sa Bede id Osean setae alo eae deReteitecimeaces do. | 37 | 37| 34| 30 
Length Of roOmS 0c cececeeeceteccee steve tees cte beet ebett cet AO. | 225 | 300| 238! 200 
Length of room necks? te ee sa thedaen oases do. | 21 | 21\| 19] 18 
Width of protection on butt entries’. se ncryeeds ghee | 98 | 98| 91, 86 
Width of pillar pocket... eects lie tierce Sexy geennauiee do. | 20 to 24 | 24| 17) 12 
Thickness of coal fender for pillar Beene eee eee do. | 3to4 | 8) 4! 1 
ese ete ee ee Pie et ee a ee 
ENTE ROI RE! 601-15 Lop cl aN) See eee ee | eee OE MeO Re 
RECOVELY..........cce ee Tee ree NA Sere ae Re ree percent! so. | °g2.5 

Coal produced per day per man underground sieeiees aaa eens tons| 4.4 | 4.9 

Coal produced per post used... ce ee eee cette Socio 8 do: | 4.78 | 5.05 
Coal produced per pound: of explosive... eee eee, sc8Os, 4 6.8 | 6.9 
Fatality rate per million tons of coal produced...........0.0000000. .. | 2.08 | 0.60 
Frequency rate for all injuries underground... oust 122.99 | 157.26 
feverity rate for all injuries underground... ceccceeeecceee | 13.58 | 9.20 


Ithree values represent maximum, average, and minimum values. 

"Does not include mine driving rooms off one butt heading only. 

"Width of room necks is same as width of headings. 

‘Consists of width of chain pillars, two headings, and two room stumps. 
"For two mines only. 

SFor three mines only. 
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Figure 4,B, shows the general plan of development and pillar extraction. Table 2 gives 
the details of development distances and operating results. The method is quite similar to 
type A except that rooms are a few feet narrower and room pillars are a few feet thicker; 
the room centers, however, are practically the same. Rooms are driven on sights at only one 
mine. The difference between the two types is that room pillars are extracted and some at- 
tempt is made to recover room stumps, chain pillars, and barrier pillars. Since the cover 
is light, the necessity for maintaining uniformly retreating pillar lines is not so essential 
as is the case where moderate to heavy cover is encountered. Figure 4,C, shows the standard 
method of pillar extraction. The general practice is to keep the pillars of 5 to 7 rooms 
retreating on an angle of approximately 45° with respect to the butt entry. With heavy 
cover many of the practices permissible at these mines would result in serious consequences. 

As in type A, the development of squeezes along butt entries must be prevented. Chain 
pillars and room stumps provide this protection, at least while the rooms are being driven 
and the room pillars extracted. The total width of the two room stumps and the butt entry 
with its two headings and cne chain pillar averages 91 feet and 71 feet, or 78 percent of 
this is solid coal; and this is for an average cover of only 95 feet. The methods of de- 
velopment for all four mines is well represented by figure 4,B; however, in one section of 
one of the mines, rooms were turned off only one butt heading. After the rooms and room 
pillars are extracted on a butt-entry panel, then the chain pillars and room stumps are re-~ 
moved, beginning at the inby end of the butt. Figure 5,A, shows the practice in mining chain 
pillars and room stumps at one of the mines; figure 5,B, shows the best practice for room 
timbering; and figure 5,C, shows details of pillar work and timbering in pillar places. 

Mining machines are used to undercut the coal whenever possible, but that is not always 
practicable in pillar work. From 75 to 99 percent of the production at the individual mines 
is machine mined. 


Typ? C.— Full Retreat with Short Fracture Lines 


Full retreat with short fracture lines is a method of development and pillar extraction 
far superior to that used in type B, because it permits better roof control and concentration 
of work. In this type no rooms are driven or room pillars extracted until the butt entry is 
fully developed, then rooms are driven and pillars extracted. Room necks may be turned as 
the butts are developed. Room stumps and chain pillars are extracted in step with room 
pillars as the work retreats back to the face entries. The percentage of recovery is prob 
ably between 80 and 85 percent and could be higher except that often small pillar stumps are 
abandoned because their recovery would be hazardous. Only three mines using this system were 
studied: One in the northwestern part of Washington County, Pa., and the other two in the 
southeastern part of the same county. One of these mines produced 1,000 tons daily and the 
other two each produced about 5,200 tons daily. Since only three mines of this type were 
studied, the data with respect to each one will be given separately in table 3. These mines 
have been designated respectively as Nos. 4, 5, and 6. 

At mine 4 the coal is 58 inches thick and at mines 5 and 6 the coal ranges in thickness 
from 66 to 69 inches. Figure 6,A, gives typical sections of the coal bed and immediate roof 
at these mines. As shown in table 5, it is well to bear in mind when considering the differ= 
ences in development between these three mines that mine 4 has an average cover of 175 feet 
and mines 5 and 6 have an average cover of 500 and 600 feet, respectively. 

Figure 6,B, gives the plan of development for mines 5 and 6. Development is similar 
at mine 4 except that its rooms are driven on 54~foot centers as compared to 45— and 90-foot 
centers for mines 5 and 6. Butt entries are fully developed before any rooms are turned ex- 
cept that the first two rooms off each butt heading are driven to facilitate ventilation. 
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Figure 5.- Detalls of pillar extraction, roan timbering, and timbering in pillar work, type B mines: A, Plan of recovering butt-entry chain pillars and roan stumps; B, plan 


of room timbering; C, pian of rooms showing methods of piilar extraction and timbering in pillar places. 
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After the butt entry is fully developed, rooms are started at the inby end and then, as soon 
as each room reaches its limit, pillar extraction begins. Room stumps and chain pillars are 
extracted in step with the room pillars. At mine 4 the extraction of chain pillars sometimes 
lags behind the extraction of room pillars. With light cover, this may not entail serious 
consequences, but the best practice is to maintain an even fracture line across rooms and 
Chain pillars. This practice is carried out at mines 5 and 6 where serious trouble would 
develop because of the greater depth of cover if the extraction of chain pillars was allowed 
to lag behind the regular retreat of room pillars. At mine 4 the fracture line extends at 
an angle of 45° across three or four rooms, but at mines 5 and 6 the angle of retreat is at 
27° 40' across four rooms. 


TABLE 3.— Developmental distances and operating results for three mines in Washington 


PS Ae ca ae OS GD aS eae A GS et eg? GE ae cet 


County, Pa., using full retreat with short pillaring lines. Type C mines 


eee for 


| 
| 
| 
| Average for 
| 
| 
| 


| Northwestern | 
Developmental distances |part of county Southeas n_part of county_ 
a eee ee | Mine 4 ae Min ne 5 _|___— Mine Mine 6 
Range: of Cover hase crdiedannrhates naan feet| 240-175-90 | 900-500-250 | 845-600-355 
Width of headings......... [tule eas hacen do: | 10 | 10 | 10 
Number of headings on main entries........... Deceit | 5 | 4 | 6 
Number of headings on face entries... | 3 | Z3and4 | 2 to 6 
Heading centers on mains... eee feet | 50 | 40 | 40 
Heading centers on faC@.... ccc cccccccec cette. do. | 50 | 40 | 40 and 50 
Heading centers on butts... ee. do. | 50 | 50 | 50 
Thickness of chain pillars on mains............... do. | 40 | 30 | 30 
Thickness of chain pillars on faces............... do. | 40 | 30 | 30 and 40 
Thickness of chain pillars on butts........... eeO=. «| 40 \ 40 | 40 
Distance between face entries........ dees ....do. |1,500 to 1,800!1,480 to 1,650| 1,400 
Center to center distances of butt entries do. | 450 to 550 900 | 990 
Barrier pillars on mains... ee a3 4 150 | 150 , 150 
Barrier pillars on faces... attcaos do. | 100 | 150 | 150 
Width Of ToOmS ii enchiinctanewssats ee do. | 21 | 17 to 21 | 17 to 21 
Width Of POOm Pll lars: aj ise adirnaitntmapeaninated do. | 13 | 25 and 70 | 25 and 70 
ROOM CONUCTS i tectrainhimien tad istentseai de neaseen Mie! do. | 34 | 45 and 90 | 45 and 90 
One th: OF POOM S65: icscs Gti eae dad ntencl ee do. | 200 to 250 | 250 | 250 
Length of room ne@CKS........ i cecceccccecceeetereeeenerees do. | 18 | 25 to 30 | 30 
Width of primary pillar pabhor. aspartate do. | 20 | 17 | 17 
Width of primary pillar fender........ badass Gi: +] 6 | 11 | 11 
Width of secondary pillar pocket... Gis. teense ate aates oi | 21 
Width of secondary pillar fender... BOs camieseeaenncanen 9 | 9 
Operating results | Mine 4 mines 5 and A all three 
3 Ve eeaecass Te (eee. 
REOCOVOLY...ooolcccccecccececccccecsaceecsstsccuseerenseseeeetsseesees: percent | 85 85 | 85 
Coal produced per day per man underground....tons| 4.63 | 7.89 | 7.44 
Coal produced per poSt uSed.u...... cece dos 2.99 | 5:55" 7.44 
Coal produced per pound of explosives......:.....do. | Information not available 
Fatality rate per million tons of coal produced| Le 1.86 | 1.83 
Frequency rate for all injuries underground........| 99.03 | 66.20 | | 97.14 
Severity rate for all injuries underground........ | 9.96 | 10.76 | 10.49 


Three values represent maximum, average, and minimum values. 
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Because of the lighter cover, rooms are turned on 54-foot centers at mine 4, but on 
90-foot centers at mines 5 and 6; however, the first six inby rooms at the latter two mines 
are turned on 45—foot centers. This is done to speed up the initial production from the butt 
entry. At mines 5 and 6 the room width may vary from 17 to 21 feet. This is because the 
clean-up system is used and the places are cut each day according to the ability of the min- 
ers to load coal. All rooms are driven on sights. In figure 6,B, note the method of ce- 
velopment used at the intersection of main entries to avoid numerous small chain=-pillar 
blocks. 

Figure 7 illustrates details of pillar extraction and timbering in rooms and pillar 
places. 

Bottom cutting machines are used at all three mines. At mine 4, 95 percent of the coal 
is machine mined; at mines 5 and 6 an average of 70 percent of the coal is machine mined. 


Type_D.— Half Advance _ and Half Retreat 


| The half~advance and half-retreat system is so called because as the butt entries are 
driven the rooms are turned off one heading and, after the rooms reach their limit the roon 
pillar is mined. After the butt entry has reached its limit the rooms off the other heading 
are driven, starting at the inby end of the butt entry. The pillars of these rooms and the 
chain pillar and room stumps of both headings are then mined as the work retreats to the face 
entry. The rooms on the advance side are driven 50 to 90 feet longer than those on the re- 
treat side. This is done because on the advance there is considerable solid coal for pro- 
tection against squeezes; whereas on the retreat work the pillar extraction can be done 
quicker by having shorter rooms. The recovery varies from 72 to 90 percent, with an average 
of 82 percent for six of the mines. 

This method of cevelopment is used principally in those parts of Allegheny and Washing- 
ton Counties south of Pittsburgh. Seven mines using this system were studied. Six of the 
mines produced 1,500 to 2,000 tons daily and the seventh about 35,100 tons daily. 

The coal bed varies in thickness from 56 to 93 inches. The average thickness for six 
of the mines is 62 inches and for the seventh mine is 93 inches. The immediate roof consists 
of the usual draw slate and roof coal and the main roof is generally a hard shale. The draw 
slate averages 12 inches in thickness for the seven mines. The general range in thickness 
of draw slate at individual mines is 5 to 15 inches; however, at two of the mines a maximun 
of 3 and 6 feet of draw slate was observed. Beds of coal and shale are found between the 
draw slate and the main shale roof. The total thickness varies from 10 inches to 4-1/2 feet. 
The thickness of the roof coal directly over the draw slate varies from 2 to 22 inches and 
averages ll inches. The average cover varies from 125 to 400 feet. Figure 9,A, shows 
typical coal and roof sections. 

Figure 8 shows the general plan of development and table 4 gives the details of de- 
velopment, pillar extraction, and operating data. Two typical mines are selected for this 
group. 

Roof control is obtained by leaving rather substantial chain pillars and room stumps 
on the advance; one mine has a chain pillar 54 feet wide. The critical point, insofar as 
roof control is concerned, comes when the change is made from advance to retreat on the in- 
dividual panel. Too often extraction of the chain pillar and room stumps lags behind ex- 
traction of room pillars, with the result that these stumps extend into the gob, start 
squeezes, and much coal is lost. Another mistake is to develop too many rooms ahead of the 
pillar work so that rooms must stand some time before their pillars are mined. When used 
with mocerate cover, close attention to limiting the solid development, and rapid extraction 
of pillars in proper step, this system works satisfactorily. Fracture lines are short and 
generally extend across four to seven rooms, depending upon the length of the rooms, because 
the pillars retreat in steps of 25 to 50 feet. 
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TABLE 4.— Developmental distances_and op3rating results_for mines using the half—advance 


and_half-retreat system in Allegheny and Washington Counties, Pennsylvania. 
Typ?_D mines 


| Mine in | Mine in | 

| Allegheny |Washington| Range for 

| ____ County | _ County | seven mines 
|___(Wine_7)__|_(Mine_8)_|Maximum | Average |Minimum 


Developmental distances 


PRAGEC: OT GOVE recess ht acer encns feet | 400-300-200 |400-250-25|  600| 284| 25 
WIACH OF NEAGLE: iii crigcaiscswsarssssiovieusenss do. | 10 a a 11| 10.6| 10 
Number of headings on main entries.............. | 4 | 4 | 4| 4| 3 
Kumter of headings on face entries............. | Zor 4 eae ae 4| 3 | 2 
Heading centers on mains and faces......feet| 50 | 40 | 50 | AT | 40 
Feading centers on butts... co. | 50 | 40 | 65 | 49 | 40 
Thickness of chain pillars on mains | | | | | 

BOO Alte Seance uae: do. | . 40 L Bee 40 | 37 | 29 
Thickness of chain pillars on butts....co. | 40 a 54 | 38 | 29 
Distance between face entries................ ao. \1, 400 to 1,950 | 1,450 | 1,950 | 1,539 | 1,200 
Center to center distances of butt | | | | | 

WOCCR EG cis chai iets Grissiarainsdeeenpiioedrredgs co. | 480 | 550 | 550| 496| 435 
Barrier pillars on mains............cc.ccccc. do. | 200 . 4. X00 | - 300| 146 | 90 
Eatrise pillats O0- Ck008..cciiescncvicias: do. | 200 | 100 | 200| 120} 90 
MAGth Of TOONS fii ssid enbincedssada G6:: 21 | 24 | 24\ .22.3| 18 
Width. of Tom PilletG esas nciin do. | 18 <2 4 27 | 16 | 12 
ROOM OURS OTB 8 cciaeemeriamSanieies Od | 39 | 39 | 45 | 39 | 36 
Length of rooms, on advance”.................. do. | 275 | 280 | 350 | 281 | 270 
Length of rooms, on retreat? do. | 200 | 200 | 220 | 181 | 100 
Length of foot: Reok sai siiseck conesegnine do. | 24 ( “at. 4 30| 23 | 18 
Width OO Hiller DOGO iii nineties. ee ce bi -% 4 22| 17.5| 15 
Width of pillar fender... do. |. 6 | 4 | 6| 5 | 4 
(esac ici, aceite al castataeicat abit Saab ine ces | aS abt des alte all aaa Geman ea) Saeko ae Leben ane anette 

Operating results | x | | | 

tL , Caen PET ene ee ae percent| § 86 | Ke) | °82.0 
Coal produced per day per man under- | | | 

PONE snc soccennmunnsrereiongnsieeth tons | 4.60 | 3.03 | 3.89 
Coal produced per post used... do. | 4.81 | 5.51 | 5.63 
Coal produced per pound of explo- | | | 

SLVOS MAO. sia ssiasicsiicisiiindisisauiaeran’ do. | 11.35 | iss 4 ®9.5 
Fatality rate per million tons of coal | | | | 

PrOUNOOE hort iammadinenieseudicasha | 4.16 | 4.11 | 3.98 
Frequency rate for all injuries under-_ | | | 

BPO, ihe ascttutie Gils nine porienmienen | 79.33 | 135.82 | 142.02 
Severity rate for all injuries under- | | | 

Pe OREA etch ties adeno ieee | 20.67 | 12.10 | 18.81 


rt re ee cert ttt A EE TE ET TE ES TE aS 


ITnree values represent maximum, average, and minimum values. 
*Rooms driven off one heading as butt entry advances. 

“Rooms driven off other heading as butt entry work is retreating. 
4Room necks same width as entries. 

‘For six mines only. 

‘For three mines only. 
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The method of timbering illustrated in figure 5,B, is used at one of these mines. 
Figure 9 shows further details of pillar extraction and timbering. From 83 to 97 percent of 
the production is undercut by machine. 


Type E — Full Retreat with Long Fra re Lin 


In the method of mining by full retreat with long fracture lines the area to be mined 
is first developed into panels by main-—butt haulage roads and face entries. Panel sizes vary 
and depend upon many factors, but an average panel would be 1,200 to 1,600 feet wide by 
1,800 to 2,400 feet long. Butt entries are driven off the face entries, starting at one end 
of the panel, but no rooms are turned until the butt entry is completed. Rooms are turned 
off one butt heading only, and as soon as the room is completed, the extraction of the rooz 
pillar begins. The rooms are driven in step and timed so that as soon as they are completed 
their pillars can be extracted in step with a general rib line. The pillars are mined in 
step with the rib line, making an angle of 45° or less with the butt entries. The length of 
the rib line depends upon the size of the panel. Room stumps and chain pillars are mined 
in step with the general rib line. 

Forty-one mines studied in western Pennsylvania and the Fairmont district of West Vir- 
ginia were using this system of mining. With the variable natural conditions encountered 
over this large area it is to be expected that the methods used should differ in detail. A 
subclassification of type E can be made on the basis of size of room pillars, as follows: 

1.—- Pillars developed on the block system, or, rooms on 50= to 125—foot centers. 

2.—- Medium room pillars developed, or, rooms on 33— to 50—foot centers. 

Another classification is based on the method of mining pillars by (1) the customary 
pocket-and=-stump method or by (2) the open-end systen. still another classification is 
possible on the basis of whether pillars are mined by butt pockets only or by alternate butt 
and face pockets. 

To describe these 41 mines they will be grouped primarily on a geographical basis which 
to some extent is also a classification according to the details of mining. 

Figure 10,A, shows the plan of development for some mines in Washington and Westmoreland 
Counties, Pa., with rooms on centers of 50 feet or less and with room pillars 13 to 29 feet 
wide. These are discussed under group A of type E (See p.15). Figure 10,B, shows the plan 
of development for mines in which the rooms are driven on centers of 50 to 80 feet with roon 
pillars 40 to 60 feet wide. This method is used in Westmoreland, Fayette, Washington, and 
Greene Counties, Pa., and in the Fairmont field of West Virginia. Mines of this type are 
described under groups B, C, and D of type E. Figure 11,A, represents the block system of 
development used by mines in the Fairmont district of West Virginia and the coking district 
of Pennsylvania and are described under groups C, D, and E of type E. Figure 11,B, repre- 
sents a type of development used by some mines in Pennsylvania and West Virginia in which 
chain pillars for all entries are developed in blocks of the same size as room—pillar blocks. 
Note that the angle of retreat is less than 45° with respect to the butt entries. Figures 10 
and 11 are taken from maps of individual mines and therefore represent special conditions; 
however, they are representative of all mines in type E. For open-end mining, the type of 
development may vary but would follow some plan such as shown in figures 10,B, 11,A, and 
11,B. As seen from these illustrations, the general plan of development by main-butt haulage 
roads and by face and butt entries does not vary very much. The principal variation occurs 
in the method of pillar recovery. These details will be discussed as each group of type E is 
described. 
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Figure 12.- Coal and roof sections, details of development, pillar extraction, and timbering for mines of group A, type E, in 
Washington and Westmoreland Counties, Pa.: A, Representative sections of tne coal bed and immediate roof for mines in 
groups A and B of type E located principally in Westmoreland County, Pa.; B, development for pillar line using a subdbutt 


heading, mine in Westmoreland County, Pa.; C, details of pillar extraction and timbering in pillar places for mine 
illustrated in 6B. 
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Group A of Type E 


Group A consists of six mines, four in Westmoreland County near Greensburg and two in 
the northern part of Washington County. This group is distinguished from others of the same 
type by the fact that rooms are developed on centers of 50 feet or less and are driven 18 to 
21 feet wide with pillars 13 to 29 feet wide. Recovery ranges from 85 to 90 percent. Two 
of the mines produce less than 1,000 tons, two produce between 1,000 and 2,000 tons, one 
produces 2,500 tons, and one 3,600 tons per day. 

The Pittsburgh coal bed in the four mines in Westmoreland County averages 82 inches in 
thickness. The draw slate varies in thickness from 6 to 12 inches, with an average of 9 
inches. The roof coal averages 15 inches in thickness and varies from 9 to 28 inches but, 
when attaining its maximum thickness, it usually contains many thin beds of shale. Between 
the roof coal and the main roof, which varies from a shale to a sandstone, are alternate beds 
of coal and shale having a total thickness of 30 to 55 inches. In the two mines in Washing- 
ton County the coal and immediate roof is rather uniform, consisting, in ascending order, of 
65 inches of coal, 10 inches of draw slate, 16 inches roof coal, 33 inches of shale and coal, 
and a main roof of shale. Figure 12,A, shows representative sections of the coal bed and 
roof for these mines in group A and for mines in group B which also are in Westmoreland 
County. In general, the coal bed is flat, but in a few of the mines in Westmoreland County 
there are local pitches where the coal reaches a maximum dip of 5 to 6 percent. The average 
cover at the individual mines ranges from 65 to 400 feet, and it should be noted that the 
development and extraction of thin pillars is best suited for light to moderate cover. 

Figure 10,A, shows the general plan of development and the extraction of the pillars 
along definitely planned rib lines. Table 5 gives the development distances and operating 
results of this group of mines. 

Because of the moderate cover, roof control is not difficult in these mines. At one 
mine having a maximum cover of 550 feet the butt entries are on 350-foot centers, but a split 
panel entry or subbutt heading is driven so that short rooms can be used and the pillars 
recovered immediately. (See figure 12,B.) When the rooms were driven 300 feet in length 
considerable trouble was experienced with the roof in the rooms before the room pillar was 
extracted. By driving shorter rooms this trouble has been eliminated. At this same mine 
the pillars are mined open end by pick work, but this is not the same open-end system of 
pillar extraction as used in the coking region where the open-end pillar places are cut by 
machine. Figure 12,C, shows the method of timbering in pillar places for this same mine. 
Another mine with a maximum cover of only 100 feet drives 10-foot rooms on 100-foot centers 
as the butt entry is driven, thus obtaining greater initial production as the butt develops. 

fter the butt entry is completed and pillar work begins, two additional rooms are driven in 
the pillars, thus reducing the centers to 33-1/3 feet. This system is possible with light 
cover and with an immediate roof which can be supported for a definite period of time without 
the necessity for retimbering. Figure 13,A, shows the details of pillar work. Note that the 
rooms advance in steps of 25 feet and the pillars retreat in steps of 50 feet. Figures 13,B 
and C, show the methods of timbering in rooms and pillar places for this same mine. 

Coal is undercut by machines at all mines and varies from 51 to 90 percent of the pro- 
duction. The pillars are recovered by driving pockets by machine and leaving thin stumps 
or fenders which are mined by machine if possible and otherwise by pick. Pillar lines re- 
treat at an angle of 45° with respect to butt entries, although in one mine the angle is 52° 
and at another the angle is 24° with respect to the butt entry. 
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TABLE 5.— Developmental distances _and operating results for a group 


of six mines using a full—retreat system with narrow 
room pillars. roup A of 


|Representa—| Range for 


Developmental distances | tive mine | six mines 
|_(Mine 9) |Max. |Ave. |Min_ 
Rane 6 Ol: COV Cb aetnssititcec se cieGec tence neranioansatiatenn’: ee cube Nine feet | 1400-300-80| 550] 240] 10 
WLU WOE We al 1 1B 5 oc ox pols ives ta igeicde Gaaadvoieiamiadien de. aoemeonaminen aeons etes do. | 10 | 10| 10[ 10 
Number of headings on main entries... ereeeea enone: | 4 | 4| 4| 2 
Number of headings on face entries... cee tere ierrens | 3 | 4{/ 3{] 2 
Heading centersS ON MAiNS..... cece ee ee eee ne anne Scrat feet | 60 | 60| 52| 40 
Heading centers on faceS... ai ameter ac tortie eek wa do. | 60 | 60| 53] 50 
Heading centers on butts............ Aicanietet hot eee teieu aan neem do. | 50 | 60| 52| 50 
Thickness of chain pillars on mains.................... pete aes lecodcfeegtce do. | 50 | 50| 42|/ 30 
Thickness of chain pillars on faces... eeeeteteeeen: do. | 50 | 50| 43] 40 
Thickness of chain pillars on butts... ee do. | 40 | 50| 42] 40 
Distance between face ONtries.. ccc cece cceeecs cesevtttevevtieeree: do. | 1450  |2400|1287| 700 
Center to center distances of butt entries... ee, do. | 200 | 400 | 307 | 250 
Barrier pillars on mains... sete tiateead data te eee a do. | 200 | 200| 156] 75 
Barrier pillars on faceS......0....cccccccecetcee: ee ee ene do. | 200 | 200| 144] 75 
MiGth Of FOOMS x ieniie diss muna tonieAinnekcrene: ee oe do. | 1g | 2iji9.5| 18 
LUSCH Uo ai soe) Wel op NG b t- eaveer a ee arte eae ee ere Dever reer en aera et eae do. | 15 | 29|18.5| 13 
Room centers... aN eee ee ee Neate fest tienes testes do. | 33. | 50] 38] 33 
Deng OF POCmS rote aang eats do. | 200 | 320| 260| 200 
Length Of room n@Ck i cccccceccctececsccecseeeeveveteeteeien teeta do. | 15 | 3o| 18] 13 
Width of pillar pocket... ee sean do. | 12 | 21| 14| 10 
MiGthOf spi llar Ponder y., scrderninian: qaduinentiatnedrcheamuenapnan do. | 4 | 10| 5.4] 4 
Angle of retreating rib lines with respect to butt | | | | 
PTS) os | eo a aE eee a ae Ve DOE NE Te eRe eee ee degrees | 45 | 52| 45] 24 
| a 
Operating results | bc eal. 
RO CONG By eae ceric axaradhnta elastase et eeemensslassdi pedestal gah item te nbeantte percent | 90 | 38g 
Coal produced per day per man underground........000.... ee tons | 5.14| 5.89 
Coal produced per poSt USOG....... i ciccceccecceeeccececcsectevtevesecetecssesseeete, do. | 4.68 | 4.76 
Coal produced per pound of explosive used........ ort en eda Medea do. | No information 
Fatality rate per million tons of coal produced... eee | . 86 | -1.69 
Frequency rate for all injuries underground... ee | 27.74| 128.73 
Severity rate for all injuries underground... ccccceccsseseceeeeees | ‘21 9.13 


‘Three values represent maximum, average, and minimum values. 
*Width of room neck same as for headings. 
3For three mines only. 

Group B of Type E 


Group B comprises eight mines in Westmoreland County. This group differs from Group A 
principally in that rooms are driven 10 to 20 feet wide on 60= to 100—foot centers, thus 
leaving pillars 44 to 90 feet thick. There is no definite information on recovery for this 
group, but it probably ranges from 80 to 90 percent. Three of the mines produce 1,000 to 
2,000 tons daily and five produce 2,000 to 3,000 tons daily. 


3291 oe, ee 


Google 


“ 


"SYSOG OUI}HUOIQ PUL JOQwIy yO YO! {E90} YIM “| BAOWOI 40 *90qG (209 OUY JO BSOYUDTIG FRO] WOIY SOITINGEZZIH Aue PIOAR OY SwOdIANS 


88000IJ0 JB, {d-e00Os yo UBId ‘9 {(s00m;} Busoesd yo sopso O7BSIpUul Sseaqunu) HOO eB u! Butatsp Aq Ourusw yo woysks seynCos 4O UOIJEDI I pow ‘4 ';¥OD 4O YDO/Q 1004-06 ® Ou) 
1809 @uy OUsPBO] 4O UOF7]01GN0D UOdGN JOQN!} yO UOIZISOO Culmous YO]SKXS °G SSUBIF PRARD -198I7XO Ul SUOIZESZIO 4O OOUONDEeS Us S$GO4S KIS ‘G ‘SJOQMIy JO UO1A!SOG OVE Sse; jId 
uees70q sdenys 453US puB JO; JEG PUB BIR}, }d UBUD KsQUe GULaowWOs 4O QOUENDEeS OUlsoUsS woos Cutaowoys 30 aoduenbos fulwmous utlg “yY :3 9dky 4O Gg dnoul “AyUNOD PUBL OsOW {SEM 
UBig ‘¥ 29 O64, 3O g dnosB ‘Souls BU; s0QW1y DUR VOF}ZDeIIXS JEL pIG yO $1 1238Q -*GI asnbi4 Ul SQUlW JO} YIOM GRPPIG ul Bursoawmiy Puke vO!IIeIIXS BeyysG yO BpIbIEQ -"w! OsNtly 


Ba 
od 
Bo 

‘6g 


Lex 


Cesta ay hy ht 
" — —-j,U) Lo 
Ba See eee SORA SS X 
68 88 88 68 66 68 48 68 BB BB 88 G8 6B BB, 7 . . i---- ,---- at. > 


or ED pot ccocr cn 5 ca ah 
te fos We 8, Ran ah ia® > ey S: 


= 
. 
q 1 a 
\ e N\ \ - 
t+" fe . : 
Z loz ~ f 
aa 8} ae 
3nd #1 a0Bid alojaq 3a8 : peal ty 
: _ 
(Sysod 3s¥] aie Z pu’ [ “ON aaa se 
Lot ign 
® w 
a 
Po GP om g Soe 
_ __ pepeou se 3 B N 
peseid sysod au04s \ 


a 


ee eae 


, 


SWIOOL JING 


youd yuaorad 9 


Google 


I.C.6872. 


The Pittsburgh coal bed varies in thickness from 72 to 99 inches, with an average of 84 
inches for the eight mines. The draw Slate averages 10 inches and the roof coal averages 1l 
inches in thickness. The main roof varies from a Shale to a hard sandy shale. Between the 
roof coal and the main roof 30 to 70 inches of laminated coal and shale are found. Figure 
12,A, shows representative coal and roof sections. In general, the coal is flat, although 
there are extensive areas in these mines where the dip is as much as 6 percent, and some 
variations are made in development on account of these grades. Rooms are driven on the face, 
but fairly often the main haulage roads and face entries are driven without respect to cleats 
to obtain better haulage grades. The average cover at the individual mines ranges from 250 
to 350 feet, the maximum cover being 500 feet at one mine. 

Figure 10,B, is representative of the general plan of development of seven of the mines 
of this group; figure 11,B, is representative of the eighth mine. Table 6 gives details of 
developmental distances and operating results. At seven of the mines, room pillars are re— 
covered by driving butt pockets only off the rooms. This method is illustrated in figure 
14,A, which shows the extraction of a butt pocket 14 feet wide with a 14-foot fender. After 
the pocket is completed the fender is mined by secondary pockets and the small secondary 
fender is mined by pick. At one of the mines where the pillars are developed in blocks $0 
feet square, alternate butt and face pockets are driven off rooms and crosscuts, respectively 
Figure 14,B, shows six of the steps in the sequence of mining pillars by this methcd. 

At two of the mines horsebacks in the roof are fairly prevalent and add to the roof 
hazards. They parallel the butt cleats, and therefore if rooms were driven on the face 
cleats they would extend the length of the room. Consequently, the development is planned 
so that rooms are driven on the butt cleats and thus cut across the horsebacks at right angles 
After a room is developed, the position of all horsebacks is known and the pillar pockets 
then can be driven to avoid them. This is an example of the application of good engineering 
judgment to the reduction or minimizing of natural hazards and also to the reduction of cost 
of mining. Another example of good engineering judgment in this group of mines is the method 
of development used in those parts of the mines where the dip of the coal bed is as much as 
6 percent. Figure 14,C, shows the development for these conditions. By driving the rooms 
up the pitch rather than at right angles to the pitch, both drainage and cutting are facili- 
tated, and the mining of the rooms and room pillars can be as nape as with normal conditions, 
and a uniform rib line can be maintained. 

At one of the mines, rooms were driven on 1£0-foot centers as the butt entries were de- 
veloped, but when the rib line retreated, much of the roof in these rooms had fallen. The 
pillars were then split by new rooms on 60-foot centers and, in some cases, old rooms which 
had not caved too badly were cleaned. The fact that rooms were driven on 120-foot centers 
enabled the management to get out of a difficult situation, but this shows the advisability 
of not driving any rooms too far ahead of the retreating rib lines. 

Figure 15,A, shows the method of extracting chain and barrier pillars. Figure 15,B and 
C, shows a representative plan of room timbering and timbering in a pillar pocket. 

‘At some of these mines all working places are driven on sights. From 40 to 90 percent 
of the production is machine mined, and at three of the mines the coal is top cut. 


Group C of Type E 


Group C is composed of seven mines in Fayette, Greene, and Washington Counties; six are 
within a radius of 12 miles of Brownsville and one is near Washington, Pa. The type of de- 
velopment is similar to group B except that in the extraction. of pillars alternate butt and 
face pockets are used more frequently. Recovery is high and averages 85 percent. These are 
all large mines, four producing 2,000 to 3,000 tons, one 3,900 tons, and the other 5,100 tons 
per day. 
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TABLE 6.— Developmental dist S d rating results fora ou 
of eight mines in Westmoreland County using a full—retreat 
system with wide room pillars. Group B_of_ type_E 


—_—— 


[Representa— | Range for 
Developmental distances | tive mine | six mines 
|__(Mine_10)_ Maximum | Average |Minimum 
RERES GL COV EL ees ccc rsp tnr dasha sh RM inde aise nsbiey eat feet |1300-250-200, 500 | 294 +=+| 1o 
Width of headings... ee ey ee ee Te: a 10 ; to | 26 | 20 
Number of veadings. 4 on maine ais siainsdetstnmuk tarnsoarhciteer one 7 a: am) ee Say ee 
Niimber Of headings On ACOs :.c6.5cccsis hic eden: Srecseeaststeeeei pisses | 2 and 3 an oe ee. 
Heading centers on mains and faces......... pean 50 } 200 | 86.5 | 40 
Heading centers on butts... PES faa toe ath ocdre bute de do. | 50 and 60 | 100 | 54 ‘| 40 
Thickness of chain pillars on mains and faces.......... do. | 40 90 | 46.5 | 30 
Thickness of chain pillars on butts....... Pa a aa do. | 40 and 50 | 90 | 44 | 30 
Distance between face entries... ccc een do. | 1000 2000 #«|1059 ‘| 700 
Center to center distances of butt entries............... do. | 410 | 410 | 297 | 250 
Barrier pillars On WEIN cic suas ermrimaiiipa GOs, | SO-46 90 | 200 | 220° | So 
Barrier pillars on [£aC@S8..........cccccse sai hen: sub teteian do. | 80 | t00* ft Bor | RO 
Width of rooms........... FO Oe eee Ce ee do. | 20 P20. Pf ae Pe ke 
WiGth of: code MITES otis ciate ae do. | 40 | 90 | 54 | 40 
Room centers... ce nO aghast toile aul do. | 60 ; 700° «=| 7S. OT 60 
Length of rooms........ Pntpe nuh ct stds disc cig hier rasAiadir basse at att do. | 340 | 340 | 250 | 160 
Length of room necks”... 0... TT ee ee Te do. | 21 40 | 20 | 15 
Width of primary pillar pocket... sisi snide | 14 to 16 | 18 | 14.5 | lo 
Width of primary pillar fender................... eee do. | 14 ee ee ee 
Width of secondary pillar pocket... do. | 12 | 24 | 26.4) a2 
Width of secondary pillar fender... iados: 4 5 hee 2 oS. oh oe 
Angle of retreating rib line with respect to butt | | | | 
BLA ceo eect ccrcantataretic ae nodesk artes ot sabheaaeticeacnees. degrees | 45 | 16 | ae fae 
eo Se ee ye ee 
Operating results | | ! : 
eA Ce eee ee EN, OLA tee Me ere percent | 8No accurate information 
Coal produced per day per man underground... .... oe tons | 7.6 | 10.0 | 6.8 [ Sa 
Coal produced per post USEds ii. vpccccecccaceccics sderssvcessieiacee’ do. | 96 | Ge) 6.5 | 2.8 
Coal produced per pound of explosive used............... do. | HAS | - ise: ]| (9.4 | 5.5 
Fatality rate per million tons of coal produced............ | 4.87 | 4.87| LOTR Siieice 
Frequency rate for all injuries underground..................... | 252 | 262 «‘[ 103.9 | 49.2 
Severity rate for all injuries underground........................ | 22.0 | 25.8 | 15 25 | 4.24 


IThree values represent maximum, average, and minimum values. 
*Room necks same width as entries. 
3See text. 


The Pittsburgh coal bed varies in thickness from 66 to 101 inches, being thickest near 
Uniontown and thinning out toward Washington. The draw slate varies in thickness from 5 to 
36 inches and averages 13.8. inches. The mines east of the Monongahela river have no roof 
coal, but in its place have a black shale of variable thickness (9 to 60 inches); west of 
the river the roof coal is usually present and averages 12 inches in thickness. The main 
roof varies from a sandstone to a shale. Figure 16,A, gives representative sections of the 
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Group E 


Figure 16.- Coal and roof sections and methods of pillar extraction for mines in Fayette, Greene, and 
Washington Counties, Pa., group C, type E: A, Representative sections of coal bed and immediate 
roof, groups C and E, type E mines; 8, methoa of pillar extraction by butt pockets only for rooms 
on B0-foot centers; C, method of pillar extraction for rooms on |00-foot centers; D, details of 
timbering in pillar pockets (same mine as shown in I6C). 


Digitized by Coc gle Original from 


THE OHIO STATE UNIVERSITY 


Digitized by Google 


are 


a 
qNO pwoy 0} oe: 
aA 

‘i Joo jo [sj 


Figure 17.- Details of pillar 


Original from 


THE OHIO STATE UNIVERSITY 


extraction, group C, type E mines: A, Pillar recovery for rooms on 100-foot centers with 
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Figure 19.- Details of timbering in pillar work, group C, type E mines: A, Timpering in pillar places using posts only; 
B, timbering with crossbars and posts in pillar places; C, details of pillar timpering at goaf line; D, details of 
pitiar timpering with thin fenders; E, details of pillar timbering when cutting into adjoining room. 
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coal bed and immediate roof in Fayette, Greene, and Washington Counties, in which counties 
are the mines of groups C and E, type &. The average cover varies from 300 to 625 feet with 
a maximum of 800 feet at one mine. : 

Figures 10,B, 11,A, and 11,B, show the general plan of development for this group of 
mines. Table 7 gives the details of develooment distances and operating results. 

The general practice is to have the rib lines retreat at an angle of 45° with respect 
to face and butt entries. Figure 16,B, shows the details of pillar extraction for a mine 
with rooms on €0-foot centers. All pockets are driven on butt cleats off the rooms. Figure 
16,C, shows the details of extraction for a mine with rooms on 100—foot centers. At this 
Mine some pillars are recovered with butt pocketS only and in some cases both butt and face 
pockets are used. Figure 16,D, show details of timbering in a pillar pocket at this same 
Mine. Figure 17,A, shows the details of pillar extraction for a mine with rooms on 100—foot 
centers but with the pillaring line at an angle of 22-1/2° to the butt entries. 

An important feature of type E is that barrier pillars, chain pillars, and room stumps 
can be recovered. Whenever possible, barrier pillars are mined in step with the pillaring 
line of the adjoining panel as shown in figure 17,B. Figure 17,C and D, shows the usual 
methods of recovery of chain pillars. While Figure 17,B, C, and D, shows the practice in 
mines of group C, the same general practice is followed at all type E mines. 

At one of the mines butt entries are turned on 600-foot centers off the face entries. 
After leaving a barrier pillar of 200 to 250 feet, subfaces are driven with an intermediate 
butt entry turned off these subfaces on 300-foot centers. This method of development is 
shown in figure 18,A; it has the advantage of assisting ventilation and concentrating haul- 
age, particularly as the rib line retreats along the barrier pillar. 

| At these mines 6 to 12 inches of top coal is left in place to help support the draw 
Slate. Timbering in rooms and pillar pockets consists only of posts in Some mines, of cross-— 
kars supported by posts in other mines and in some cases of a combination of crossbars and 
posts. Figure 18,B, C, and D, shows details of timbering for rooms and pillar pockets. 
Whenever the pillar pockets are driven the same width as the rooms, the method of timbering 
is usually the same in both. With the system of mining represented by type E, systematic 
and complete roof Support in all working places is essential for safety and high recovery. 
Figure 19 shows further details of timbering in pillar work. From 59 to 90 percent of the 
coal is machine mined. At two of the mines the coal is top cut. 


Group D of Type E 


All of the mines studied in Monongalia, Marion, and Harrison Counties of the Fairmont 
district of northern West Virginia are included in group D. The methods of development are 
Similar to groups B and C, but these mines are discussed separately, principally on the basis 
of geographical situation. Rooms are developed on 50- to 100-foot centers and the pillars 
are recovered principally by alternate butt anc face pockets. Recovery is generally high and 
averages 8&3 percent. Fourteen mines were studied; three produced less than 1,000 tons, four 
between 1,000 and 2,000 tons, five between 2,000 and 3,500 tons, and two 6,000 tons per day, 
by working two shifts daily. | 

The Pittsburgh coal bed varies in thickness from 85 to 114 inches and averages 100 
inches in the 14 mines studied. Based on the mines observed, the average thickness in each 
County is 93 inches in Monongalia County, 100 inches in Marion County, and 102 inches in 
Harrison County. The draw slate is variable; it averages 16 inches but varies from 2 to 48 
inches and sometimes is entirely missing. The roof coal is also variable; it averages 8-1/2 
inches but varies from 1 to 14 inches and sometimes is missing. The main roof varies from a 
thick shale to a sandstone. Figure 20,A, represents typical coal and roof sections in the 
Fairmont district. The average cover varies from 150 to 525 feet with a maximum cover of 
900 feet at two mines. 
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Figure 21.— Detaile of piilar extraction and timbering, group D, type E mines: A, Method of pillar extraction and timbering when mini f 
of coal by alternate butt and face pockets; B, method of extraction of pillar blocks by alternate butt and face packets; but in vablation iia 
the width of coal fender; C, method of extracting pillar blocks by butt pockets only, slabbing the fender by machine. ‘ 
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Figure 11,A, is representative of the general plan of development for mines of this 
group. Table 8 gives the details of developmental distances and operating results for two 
typical mines and the average for the 14 mines. Figure 20,B, shows a method for working two 
rib lines in one panel to increase the rate of production from the panel. At all of these 
mines the retreat of the pillaring lines is at an angle of 45° to the butt entries. 

Figure 21,A, shows the usual method of pillar recovery and timbering in pillar pockets 
at those mines where the pillar blocks are mined by alternate butt and face pockets. Note 
that the fenders are 6 feet wide for both butt and face pockets. Figure 21,B, shows a varia- 
tion in that fenders for face pockets are only 2 feet wide, whereas fenders for butt pockets 
are 12 feet wide. It is claimed that by taking into consideration the effect of cleats on 
the strength of the fender, better roof control along the pillaring lines is obtained. When 
pillar blocks are mined by butt pockets only, the methods used are similar to those described 
for groups A, B, and C of type E. Figure 21,C, shows a slight variation in that the 14-foot 
fender is slabbed by two machine cuts. Timbering in solid work and pillar places consists 
largely of posts only, but in Some mines crossbars are also used. Top coal is usually left 
in place to help support the draw slate. 

From 70 to 100 percent of the coal is machine mined, the average being 84 percent for 
all the mines. At three of the mines the coal is top cut. 


Group E of Type E 


The six mines in group E are developed in essentially the same way as those of groups 
B, C, and D; they differ, however, in the use of the open-end system of pillar extraction. 
The estimated recovery for these six mines is 87 percent. They are all in Pennsylvania, one 
in Greene County, four in Fayette County, and one in Westmoreland County. Three of these 
produced between 1,000 and 2,000 tons, one between 2,000 and 3,000 tons, one between 3,000 
and 4,000 tons, and one produced 5,C00 tons daily. | 

The coal bed varies in thickness from 78 to 104 inches and averages 93 inches. The draw 
Slate varies from 8 to 18 inches with an average of 11-1/2 inches for five mines; at the 
sixth. mine the immediate roof is a thick sandstone. Above the draw slate the usual roof 
coals and shales occur. The main roof at five of the mines is shale. Figure 16,A, shows - 
some representative coal sections and immediate roof for these mines. The average cover 
varies from 250 to 740 feet with a maximum cover of 815 feet at one mine. 

Figures 10,B, and 11,A, are representative of the general plan of development for mines 
of group E except that pillars are recovered by the open-end system. Table 9 gives develop-— 
ment and operating results. In general, the pillaring lines retreat at an angle of 45°, but 
at one mine the retreat is at an angle of 34° with respect to the butt entries. 

The general plan of development and timbering in solid places is similar to that dis- 
cussed for group C of type E. The coal is developed by rooms and crosscuts into blocks vary-— 
ing in size from 80 to 125 feet square. Figure 22,A, shows the sequence used in mining blocks 
€5 by 100 feet in size. Figure 22,B, shows the sequence for blocks 88 feet square. Note that 
the block is first split by a 12-foot crosscut. The principle followed in all cases is to 
maintain a square block of coal, as the size of the block is reduced by alternate butt and 
face cuts. At Some mines the pillar blocks are 68 feet square and these are mined by alter-— 
nate butt and face cutovers. At one mine the pillar blocks are 112 feet square; on one side 
of the mine these blocks were mined by alternate butt and face cutovers, which made the 
first cutover 112 feet long, but on the other side of the mine the 112-foot blocks were first 
split by a crosscut, thus reducing the length of the first cutover to 48 feet. Chain pillars 
and barrier pillars are mined by open-end places in step with the main pillaring lines as 
described for group C of type E. 
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TABLE 9.- Developmental distances and operating results for a group of six mines in the 


coking region of Pennsylvania using the open end system of pillar extraction. 
Group E, type E mines 


| Representa- | Range for 
| tive | six mines 
Developmental distances | mine, |Maxi-| |Mini- 
a \|___(lline 15) __|_mum_| Average! _mun 
ROGEE OF C666 iss errdinaisestancmmanasnitiionss feet| 400-375-350 | 815| 474 | 100 
WAALS Of ROASTER ccc sc eon saahieaama do. | 2049.22 * AS) Als] Do 
Number of headings On mMainS......c.csccccccccsecccssccssccsssssssstecscsccsecseesoses | 4 | 7| 5 | 4 
Number of headingS on faCOS......0.....cccccecececccsccessscecssceeessceusnee, oo 4 | 4| 3 | 3 
Heading centers on mains... ecccececcceccceccceseeesecvseveeee. wu. feet| 30 +050 | 85 64.5! 50 
Headtie cuntets 00. 1660826. 6.6 kena do. | 30%t050 | 100 64 | 50 
OT eR Mel he te te) A )) or do. | AO | 125| 72.5] 40 
Thickness of chain pillars on mainS......0...0...ccccccccsececeee: do. | 20t0 40 | 73| 53 | 38 
THs~cKness Of ObRin: Plllare Of. FROOG..c.5 6 iscssiisnnnecds do. | 20 to 40 | 88 | 52 | 38 
Thickness of chain pillars on butts... eee do. | 30 | 113] 56 | 28 
Distance between face entries... cece eoeatees do. |2,000 to 5,100|3,100|1,940 |1,000 
Center to center distances of butts......ccccccccccccceceteeee do. | 340 | so00! 356 | 250 
Barvier pillars on MEOPs coins ccnccumamanasisud do. | 170 to 200 | 300! 216 | 150 
ParPter Gil lace Gi FACOG oii aessti cece aroee do. | 170 to 200 | 300| 200 | 150 
WIACH OF: THOME ha iiccs ction ae do. | 10to12 {| 14{ 11.6) 10 
WiGbi OF TO0m PIE ings ccremerncarsanmnmcnnamind do. | 100 | 111| 84 | 68 
ee COCO iit Gin pccevedsa DE icad Slatted ore do. | 112 | 125| 96 | 80 
a Ae PN aos ah ccetatiniitetck stemaeabasednhcrint ite deanitaubectedeudh do. | 300 | 400| 286 | 200 
Width of open end pillar place... cece do. | 18 | 25| 19.3! 14 
Maximum length of open end place.........cccccccccececeees ceeeeeees do. | 65 | 112| 67 | 38 
SP ean ee See ee ll aie icing raed: oat 
Operating results | | | = 
ONS tert id nila ace ktep ei ei ta) percent | 85 | 86.7 

Coal produced per day per man underground... tons. 1.8 | 6.64 

Coal produced per poSt Used? .o.oicccccccccccccccecceceseeecesveees do. | 10.2 | 6.77 

Coal produced per pound of explosive used... do | 6.74 | 11.87 

Fatality rate per million tons of coal produced.................. | 0.64 | 2.74 

Frequency rate for all injuries underground.........0.0000000.00.... | 56.46 | 78.06 

Severity rate for all injuries underground........00.0000000000..... | « (3) | 23.80 


IThree values represent maximum, average, and minimum values. 
*The values represent timber for posts and crossbars only; no data are available for number 


of cribbing blocks used, but about 150 cribbing blocks are used per 1,000 tons of coal mined. 
3Not available. 


An excellent system of timbering is required if the open-end work is to be done safely 
and economically. Figure 22,C, shows the plan of timbering in an open-end place and figure 
22,D, is a cross section of the open-end place giving further details of the timbering. 

At one of these mines all coal is pick mined. At the other mines all coal is undercut, 
and at two of the mines it is center sheared in addition. No exact data are available on the 
percentage of machine-mined coal, but it is probably 90 to 95 percent, because all mate 
coal is machine-cut except for small stumps at the end of pillar cutovers. 
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PRINCIPLES OF DEVELOPMENT AND PILLAR EXTRACTION 


At some mines the details of development are planned as the coal bed and its condition 
becomes known, but it can be stated that a large percentage of the mines described in this 
report have been carefully planned by mining engineers who have considered all the factors 
which determine whether or not the mine shall be conducted efficiently. In deciding upon a 
system of development and the details to be followed, no one factor can be said to be most 
important; therefore, the following conditions should not be considered as of decreasing in- 
portance because of the order of their discussion. . 

Local customs and practices are often the basis for the choice of a particular systen. 
This is justifiable to some extent because in any district the natural conditions for all 
mines are fairly similar. Therefore, the management of a new mine, knowing that nearby mines 
with similar conditions have used a particular system with success, follows the same system. 
Fairly often the opportunities for better recovery and more efficient operation are over- 
looked by not giving consideration to mining methods in other coal fields. Generally, the 
progressive mine management in any field is the one that breaks away from local customs and 
traditions and develops a system of mining based on all known factors, and after careful 
engineering planning gives the new method a fair trial under practical operating conditions. 


Natural Conditio 


Natural conditions must be considered. These natural conditions may be listed as depth 
of cover, character of immediate roof, dip of the coal bed, thickness.of the coal bed, in- 
purities in the coal bed and their location in the bed, the presence or absence of well—de-— 
fined cleats in the coal, presence of gas, and probable amount of water to be handled. Fre- 
quently, mines are developed in direct opposition to the apparent dictates of these natural 
conditions. For instance, the dip of the coal bed apparently determines the position of the 
shaft or drift opening, but railroad facilities are not always available at the low point 
of the deposit and, further, the low point might be close to the property line and under 
deep cover, thus necessitating costly shaft sinking. Where facilities for river shipments 
are available, as along the Ohio and Monongahela Rivers, the economies of water transporta-— 
tion of the coal far offset the added cost of hauling against adverse grades in the. mine. 
In some parts of Pennsylvania the coal is 7 to 9 feet thick and the top 10 to 12 inches high 
in sulphur. This coal is left in place to help support, with the addition of timber, the 
draw slate directly over it. This is a good example of leaving coal of low value in place 
to help increase the safety of the miner. The depth of cover is a natural factor which can- 
not be neglected, but it is not always the controlling factor. With increase in cover it is 
the general practice to increase the size of barrier and chain pillars and of room stumps and 
room pillars, but the converse is not true; that is, a system favorable for 400 to 500 feet 
of cover may be used without change for a cover of 150 to 3500 feet, although it would appear 
that modifications would be possible for greater economy in mining. It is probable that 
other factors were deemed to be of greater importance and no changes were made. 

The importance of cleats in the Pittsburgh coal is shown by the fact that the develop- 
ment of all these mines is planned so that the rooms will advance on the face cleats because 
the mining is easier; depending on the system used, from 65 to 100 percent of the coal is 
mined from places advancing on the face cleats. 


Aim of Choice of Method 


The choice of a method and its details should aim at (1) high recovery, (2) roof con- 
trol, and (3) safety; and should provide for (4) economy by concentration, (5) proper venti- 
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lation, (6) efficient haulage, and (7) economical drainage and pumping of underground water. 
Any system that has been determined upon by careful engineering planning should be followed 
faithfully, but it should be flexible enough so that it can be altered in detail to suit the 
conditions as they change in the actual progress of the mining. 

When the system of development has been determined upon, the next important considera-— 
tion is whether or not pillars are to be recovered, and, if so, how shall they be mined. 
The value of the coal in place if the coal is owned by the mining company or the extraction 
in tons per acre required of the operator by the owner of the coal usually determines whether 
or not pillars are to be extracted. The necessity for protection to the owners of surface 
rights may also modify the problem; however, this is a legal matter and before the question 
of pillar extraction can be decided, the legal aspects of the relationships between the 
owners of the surface and the owners of the coal must be ascertained. It is generally be-— 
lieved that a greater percentage of lump coal results from solid work as compared to pillar 
work, but the strength of the coal and the method of pillar extraction also affect the per— 
centaze of lump production, as well as the method of drilling, cutting, and blasting. It 
cannot be said that better roof control results when pillars are not mined than when pillar 
recovery is attempted. Roof control depends upon the system of mining, but unless a high 
degree of skill in underground management is exercised the system of mining will not prevent 
the roof from getting out of control. Squeezes may develop as easily in mines where pillars 
are not extracted. It is essential, however, to use the system best adapted to the condi- 
tions. Neither can it be said that more timber is required when pillars are extracted, be-— 
cause the amount of timber required does not depend so much on the methods used as on the 
speed with which places are driven and abandoned — that is, on how much retimbering is neces-— 
sary before all the coal is mined. In pillar work timbers are recovered to help roof breaks 
and, to a large extent, some of this timber can be used again. Recovery of timber in moderate 
to heavy cover is essential for roof control. 


Developmental Costs 


A factor of great importance insofar as costs are concerned is the amount of money that 
must be tied up in development work before normal production is reached. When this normal 
production is attained, the amount of development can be proportioned according to probable 
future demands. Few mining companies prepare any estimates of future demands. Such esti- 
mates, if considered only as estimates, should help guide the mine management in deciding 
upon the amount of development required. When demand slows up, many operators find their 
mines overdeveloped, which is costly; when demand picks up again, the lack of development 
results in a lack of ability to produce the desired amount of coal. These failures are to be 
attributed to lack of cooperation between the higher operating officials and the sales de— 
partments in not trying to form an estimate of the probable future demands based on the 
available knowledge of conditions and the past experience of these men in the coal industry. 

For quick production with a minimum of development, the methods used in eastern Ohio 
and the Panhandle districts of Pennsylvania and West Virginia are ideal. However, if pillars 
are to be withdrawn, these methods are suitable only under shallow cover, and if pillars are 
not to be drawn, they are suitable under moderate to moderately heavy cover. From 30 to 40 
percent of the coal is left in the ground to support the overburden however, and actually 
more development is required for a given production than is generally realized because of the 
large percentage of coal left in pillars. 

The half—advance and half-retreat system provides for quick production, for the mainte- 
nance of a uniform daily tonnage, and for a minimum of development. The full-retreat method 
with short rib lines has the same qualities except that slightly more development is required 
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on account of the butt entries being fully developed before room-and=pillar work begins. 
Full retreat with long fracture lines requires the greatest amount of development before 
room—and-pillar production begins but, by maintaining an even balance between room—and—pillar 
work and new development, the latter need not be excessive but will be greater than with the 
other systems. The large number of mines using this method indicates that it has many ad- 
vantages over all the other methods. These advantages, in properly managed mines, are (1) 
excellent roof control and (2) concentration of work. The latter includes concentration of 
haulage, track work, ventilation, and supervision; all these factors tend toward a lower 
production cost. 
size of Pillars and Stumps 


In any system of development, the size of barrier pillars, chain pillars, and roon 
stumps must be considered, and these are controlled to a large extent by the amount of cover. 
With the full-advance system, whether or not room pillars are extracted, the room stumps and 
chain pillars form a protection to the butt entry while the rooms are being worked. With a 
full-retreat system, these chain pillars and room stumps are mined in step with the roon 
pillars, and in this case the chain pillars do not have to support the roof after coal has 
been mined out on each side of the butt entry. Some mine managers consider it good practice 
to drive butt entries on the same centers as rooms even though the rooms are on 100—foot 
centers. The chain pillars are thus developed in blocks of the same size as the room pillars 
and these pillar blocks are then extracted in the same order as room pillar blocks. Whether 
main haulage and face entry headings should be driven on 100-foot centers is questionable, 
but some mines follow this practice and find that when the time comes for ultimate recovery 
of these main entry chain pillars, the blocks are in good shape and the pillar recovery is 
as efficient as the recovery of room—pillar blocks. . 

The width of barrier pillars on main haulage roads and face entries is determined by 
the amount of cover, but where foresight has been used these barriers are made far wider than 
the amount of cover requires. In any case, the barrier pillars should be made 250 feet wide, 
or equal to the usual room length, to justify the expense of laying switches and track for 
the recovery of coal in a room 250 feet long as compared to a room only 50 or 100 feet long, 
aS would be the case with thin barrier pillars. Some mines leave barriers as much as 500 
feet wide, and some leave an entire panel unmined along the main haulage roads. This is an 
ultimate economy because, as the mine is worked out, large blocks of coal are available for 
retreat to the mine opening. Instead of being confronted with long strips of coal only 500 
to 600 feet wide and cut up by four or more headings, the management has blocks of coal 1,000 
feet. or more in width. <A long breakline can be established and a uniform system of pillar 
extraction can be followed as in a panel. Furthermore, a large daily production can be 
maintained almost to the day the mine is finally abandoned, which is economical when compared 
to the gradual falling off in production when only thin strips of barrier pillars remain to 
be mined. Whenever it is possible, the progressive mining companies mine the barrier pillars 
in step with the fracture line of the last panel which these barrier pillars are protecting. 

The size of the panel varies even in individual mines. In many mines this variation 
is due to the location of property lines and the outcrop of the coal bed. In some gassy 
mines the panel is not made large, so that by the time the development work is completed 
much of the gas has been drained off before pillar work begins. For any panel, the length 
of the fracture line will vary depending upon the stage of completion. Thus, at the start 
and at the finish of the fracture line the production from the rib line will be less than 
normal and provision must be made to take care of this variation in production by the develop- 
ment of other panels. The ideal arrangement is for a new rib line to begin about the tine 
that -an old rib line is working into the corner of its panel and its production gradually 
diminishing. 
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The essentials for good pillar work and roof control along pillaring lines are simple 
and consist of two things: (1) A minimum amount of development of entries and rooms ahead 
of the pillar line and (2) development of rocms as needed to reach the pillaring line at the 
proper time, and then immediate extraction of the pillar. These essentials imply a carefully 
planned system of development, pillar extraction, and timbering in both rooms and pillar 
work. It has been found that places advancing toward the gob have as good roof control as 
those advancing toward solid coal, and have no mcre, if not less, injuries from falls of 
roof. Opinion varies on the proper length of a rib line for its efficient supervision by 
the mine officials. Rib lines varying from less than 1,000 up to 4,000 feet in length have 
been observed. It is generally conceded that a rib line should not be any longer than can be 
properly supervised by one assistant mine foreman assisted by the fire bosses, rib bosses, 
and shot firers under his charge. About 1,500 feet would be the maximum length to suit this 
rule under the conditions encountered in mining the Pittsburgh ccal bed. 


COMPARATIVE EFFICIENCIES OF VARIOUS METHODS 


In describing each type of development one or more mines were cited as representarvive 
of the system, although actually these individual mines are the best and most efficient 
operations of their type. These mines, all above the average in their respective fields, 
will be used in comparing the five types. The importance of strong financial backing neces- 
sary for efficient mine operation is shown by the fact that of these 12 mines seven are owned 
and controlled by strong companies in allied industries such as steel, power, and transpor- 
tation, and the other five are owned by coal operating and sales companies generally con- 
Sidered as being financially strong. 

Table 10 gives some values which offer a means of comparing the efficiencies of the 
various systems of mining. The values given mean little unless the conditions controlling 
them are understood. The factors affecting each item will be briefly discussed. In the 
first place, it should be evident that the methods of develcpment and pillar extraction have 
little to do with the values as given in table 10. A much more important factor is the 
efficiency of all the details of underground operations such assupervision, haulage, cutting, 
blasting, timbering, and discipline. . 


Discussion of Operating Efficiencies 


Labor Classification 


Mine superintendents, mine foremen, assistant foremen, and fire bosses are all included 
under the classification of officials. Shcet firers are not included in this class but are 
placed under "daymen", because although shot firers have certain supervisory duties, not 
all the mines employ shot firers. A high tonnage per day per official may mean that the mine 
workings: are concentrated and that a few officials can cover the mine adequately, but on the 
other hand it may mean that the supervision is inadequate. In general, a low tonnage per 
official is characteristic of the more efficient mine, because the cost of additional super— 
vision is more than returned in other economies which result from close management of under-— 
ground operations. 

Dispatchers, haulage bosses, motormen, trip riders, drivers, trap-door attendants, and 
bottom men are classed as haulagemen. Efficiency is therefore affected by the method of en— 
trance to the mine, whether by shaft or by drift. Where gathering is by animals, the effi- 
ciencies will be lower and also the length of haul from the active workings to the mine open— 
ing will have its influence.- However, since the majority of haulagemen are engaged in gather-— 
ing and secondary haulage, the tons per day per haulageman is some indication of the degree 
of concentration of the mine workings. 
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Machinemen and their assistants are included under the classification of machinemen. 
Here again the tons per man is a measure of degree of concentration of work, because the 
shorter the moves from face to face the greater the tonnage of coal cut per shift. But many 
factors influence these values, such as the height of ccal, whether track—-mounted or short— 
wall machines are used, the amount of pick coal mined, whether the coal is bottom cut, top 
Cut, or sheared, whether the machinemen also drill the shot holes, whether the coal is cut 
on the night shift, and whether the clean-up system used allows the loaders to load out a 
full cut daily or permits the miners to load coal at their own convenience, thus slowing up 
the tonnage per mining machine. 

The tonnage per day per miner is a measure of the efficiency of that class of labor and 
also the skill of management in proper organization of the mine to serve the face worker. 
Factors affecting these values are as follows;—- character of car supply, amount of slate to 
be handled, whether miners or machinemen drill the shot holes, the amount of timbering done 
by the miners, and the percentage of pick mined coal. At some mines the duties of the min- 
ers consist only of loading coal and setting the necessary timbers to protect themselves at 
the face. At other mines the loaders have to load coal, set timber, handle draw slate, drill 
holes, and lay track. Obviously, with such variation in the duties of a loader, tonnage per 
shift will vary, regardless of the methods of development and pillar extraction. 

Under the classification of daymen are included timbermen, trackmen, pipemen and pump- 
men, bratticemen, masons, and laborers. Here again tonnages per shift shculd be high if the 
work is concentrated, but a high tonnage may indicate that the proper maintenance of the mine 
is being neglected to reduce the immediate costs and, conversely, a low tonnage per shift 
may mean that the daymen are not properly supervised or that not enough men are being em— 
ployed to maintain the mine in first-class condition. Natural conditions, such as character 
-of roof and amount of water to be handled, particularly in working places, affects these re-—- 
sults, although-in respect to water, the efficient mines alter the regular method of develop— 
ment so that there will be a natural gravity drainage away from all working places. 

The tonnage per day per man underground is a true measure of the efficiency of opera- 
tion, including development, pillar extraction, haulage, supervision and safety. The values 
given in table 10 are based on single calendar years which were chosen to represent, as near- 
ly as possible from the data available, years of about equal business activity for all the 
mines. Efficiencies may vary from year to year for individual mines; this was particularly 
true in 1929 and 1932. During the latter year much effort was made to distribute the small 
amount of work among as many men as possible, and under such circumstances there was a tend— 
ency toward reduction in tons per man underground. The general practice is to work one man 
in each solid place ard two men in pillar places. This is varied according to the necessary 
speed of development or pillar extraction required to maintain uniform rib lines. As many 
as four to eight men may be worked on a pillar stump if its removal is urgently necessary. 


Areas of Exposure 


The areas of exposure listed in table 10 indicate the amount of exposed roof area to be 
maintained on the basis of the number of men underground and the average daily production. 
These values indicate that, in general, the mines extracting pillars have less unit area of 
exposure, but to a large extent this is a result of more efficient underground management. 
Areas of exposure are a poor indication of the efficiency of a method of development. A mine 
producing a maximum possible tonnage will have a minimum area of exposure, but if the produc-— 
tion is curtailed, the unit areas will increase, and then it would appear that the system is 
not adaptable. As a mine grows older, the length of haulage roads increases, which adds 
considerably to the area of exposure. Efficient underground management can reduce areas of 
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exposure, regardless of the method of development. In eastern Ohio rooms are 24 feet wide, 
and with coal 5 feet high and a 6-foot undercut, each room should produce about 29 tcns per 
shift. Therefore, when only one man works in each place with an average daily production of 
8.7 tons, at least 230 places are necessary for the mine to produce 2,000 tons daily. In 
mines extracting pillars the daily production per loader ranges from 5.6 to 11.6 tons, ard 
the average for nine of these mines, as given in table 10, is 9.4 tons. In these mines, 
assuming a place 12 feet wide, coal 6 feet high, and a 6-foot cut, each place should produce 
about 18 tons per shift. In normal times it is the practice at these mines to work two amen 
in each place and load out a cut of coal at each face every day the mine works. Therefore, 
to produce 2,000 tons per day, only about 111 places are required to mine this production. 
These comparative values indicate that the kind of underground management is equal in impori- 
ance to the methods of development, if the areas of exposure are to be kept at a minimun. 


Explosives and Timber 


The tons of coal produced per pound of explosive used may depend upon the amount of 
pillar work, but greater variation is caused by the kind of explosive used, the strength of 
the coal, whether or not the coal is undercut and sheared, the amount of pick work, and the 
G@emand for lump coal. Permissible explosives are generally used in these mines whether gascy 
or nol, but in some mines black powder in pellet form is used. 

The amount of coal produced per post used is higher in general when pillars are ex- 
tracted than when pillars are not extracted. The character of roof is a factor which largely 
determines the amount of timber needed, but if two mines having similar roof conditions are 
compared, the amount of timber used will not depend so much on the method of development anc 
pillar extraction as on the speed with which rooms are driven and pillars extracted. Wher 
working places remain idle, retimbering becomes necessary and thus the use of timber is 
greatly increased. 


Coal Extracted 


The data given on the percentage of coal recovered is not comparable in all cases. 
Some of the information is taken from estimates made by company engineers based on Surveys, 
and some is merely the guess of mine officials. In table 10 the percentages of recovery as 
given for mines 1, 3, 5, 11, and 12 are engineering estimates. For the methods used in Ohio 
and the Panhandle district of West Virginia the recovery will range from 55 to 70 percent, 
and for mines recovering pillars from 75 to 95 percent. An important factor in high recovery 
is steady mine operation. Much coal is lost in pillar. stumps when mines operate only one or 
two days a week. 


Accidents 


The data given in table 10 with respect to underground injuries indicate that the re- 
covery of coal in pillars can be done safely. The problem of safe mining does not depend so 
much upon whether or not pillars are extracted but rather on the efforts of the management 
toward the enforcement of safe practices by all underground workers. In table 10 the acci- 
dent rates are given for the 12 selected mines and also the average rates for each type. The 
rates for group E of type E are high because of the great number of injuries and fatalities 
at one of the six mines. It should be noted that mines recovering pillars have a lower 
fatality rate than those not recovering pillars, and in general the same holds true for the 
frequency and severity of all underground injuries. 
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Types C and E have these low rates because the method of development and pillar extrac- 
tions requires close Supervision, and it naturally follows that the safety of the worker at 
the face is also closely supervised. As laxity in management of development and pillar ex- 
traction cannot be tolerated with these types, it therefore follows that laxity in other 
details of underground mining, particularly with respect to safety, is not tolerated. A 
method of development requiring close supervision apparently induces the close supervision 
necessary to reduce injuries. 


CONCLUSIONS 


From the foregoing discussion it is evident that for an efficient mine the first essen— 
tial consideration is the selection of a system of development and pillar extraction suitable 
to the natural conditions encountered; and the second essential consideration, of equal if 
not greater importance, is the efficient management of all the details of underground opera- 
tions. Of the five types of development discussed in this paper, the degree of management 
necessary to control development increases from type A to type E. It is very probable that 
mines of type E are more efficient than those of other types for the simple reason that the 
method of mining must be closely supervised, and it is natural to expect that this keener 
supervision of development will also result in keener supervision of all the other details of 
mining. With type B it is essential that all mining operations proceed on a uniform schedule 
to maintain uniform pillaring lines. In types A and B uniform mining is not so essential; 
it can be neglected to some extent, and with it other details of mining are likely to be ne— 
glected by the management. . 

This discussion has dealt with engineering problems relating to the development of plans 
of mining which have different degrees of efficiency in operation and the recovery of coal, 
kas brought to the attention the loss of valuable areas of coal that might be recovered by 
the adoption of methods which have proved successful in other fields having similar natural 
conditions, and points out general types of mining plans that have established high recovery 
ratios with a minimum of mine development and with relatively low accident rates. 
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